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Introduction
The harmful effect of maternal cigarette smoking on the fetus is variable and may result in "only" a decrease in weight or may cause death by abruptio placenta [10] . In adults, smoking causes pathological changes in the cardiovascular system [9] . Some authors have proposed that smoking during pregnancy may also cause pathological changes in the cardiovascular system of the fetus that would increase the risk of heart and peripheral vascular disease in adulthood [2, 4] . The placenta and umbilical cord vessels of human fetuses whose mothers smoked during pregnancy have been found to contain ultrastructural changes [1] [2] [3] [4] [5] , These changes were seen in the fetal vessels that are closest to the point of noxious transfer. This study was done to determine if similar ultrastructural changes could be seen in fetal peripheral vessels far removed from the point of noxious transfer. Because of the relative unavailability of human fetal tissue for ultrastructural study, an animal model of smoking during pregnancy was chosen to carry out this project. male, two to three month old mice were placed in a breeding cage and exposed to cigarette smoke by placing their cage in a special smoking chamber (figure 1) similar to that used by YOUNOSZAI [12] . This specific device was chosen because it employs a regimen of intermittent smoke exposure over a lengthy period of time simulating the effects of smoke in a confined space much like that found in many working environments. Low tar cigarette smoke was • r Figure 1 . Smoking chamber containing a cage of pregnant mice. The chamber top was covered with a plexiglass lid. A separatory funnel on the side of the box served as a smoking device, holding a cigarette in place by means of one-holed stop cock. The other end of the funnel was attached to a tube ending in a rubber bulb which was used to force the cigarette smoke into the chamber.
blown into the chamber for four minutes, five times daily, except on weekends when it was done three times a day. This method has been shown to produce a carboxyhemoglobin level of approximately 9.0% which is similar to that found in an adult human smoking one pack of cigarettes per day.
When not being exposed to smoke, the mice were housed in a room with 12 hour light/dark cycle. Similarly caged mice of the same strain were used as control animals, placed in a chamber but not exposed to smoke, and housed in the same room. Both groups of mice had laboratory chow and tap water ad lib for 24 hours/day. The amount of food ingested by both groups was weighed daily. The mice became pregnant and delivered in the same cage. After spontaneous delivery the live pups were weighed. Two pups from the litters of three dams in both the control and study groups were taken for this study, yielding a total of six pups in each group. The remaining pups were used for other studies. Each pup was sacrificed via neck fracture, and the entire pup was immersed in a solution of 2.5% gluteraldehyde in 0.1 M cacodylate buffer at pH 7.3. While still under solution, the rear leg muscles were dissected free, sliced, and immersed in the same preservative for four to five hours. They were then placed in fresh 2.5% gluteraldehyde mixture overnight. The tissues were postfixed in osmium ferrocyanide and en-block stained with uranyl acetate in a graded series of alcohol. The tissues were infiltrated with and embedded in Spurr. Sections were taken via an ultramicrotome and post stained with uranyl acetate and lead citrate. Six to eight sections from each animal were examined in a Phillips 201 electron microscope at 60 KV, with the examiner being blinded as to which sections were from control or smoke-exposed animals.
Results

Perinatal findings
Carboxyhemoglobin levels were performed on the eighteenth day of gestation in two pregnant smoke-exposed mice, and both yielded a value of 9.0%. These levels were drawn after two episodes of smoke exposure on that day and just before the third episode. The amount of feed ingested per animal during the gestational period did not differ between the. two groups. Litter size was not significantly different between the smoke-exposed and control animals, 5.09 and 4.73 respectively. There were a total of 61 pups born in 14 litters in the smokeexposed group and a total of 57 pups born in 12 litters in the control group. The mean birth weight was slightly but significantly smaller in the 16 smoke-exposed pups that were weighed (1.3014 ± 0.0552 gm) vs. the 54 control pups (1.3620 + 0.1141) (p < 0.05). The smokeexposed pups tended to be killed soon after birth by the older mice in the cage. Newborn pups that were present and alive in the smoking cage would be killed soon after the onset of exposing them to smoke. Pups that were born during a smoking period were killed almost immediately. However instead of being eaten after being killed as is usually the case with dead mouse pups, they were just left. This fact along with the use of some of the smoke-exposed pups for other studies accounted for the smaller number of pups being weighed in the smoke-exposed group as compared to the control group.
Ultrastructural findings
Control group: In the peripheral blood vessels in these fetuses, the endothelial surface was relatively smooth, containing only the usual small pinocytotic vacuoles, normal length marginal folds, and occasional fingerlike protrusions of the cytoplasm into the vascular lumen (figures 2-4). The mitochondria and endo- plasmic reticulum were histologically normal (figures 2 and 4).
Smoke-exposed group:
The blood vessels from fetuses whose mothers were exposed to smoke were markedly abnormal. The most striking finding was the appearance of endothelial vacuoles located in the substance of the cytoplasm (figures 5 -7). These blister-like vesicles have been termed vacuole-type endothelial blebs. These blebs were found in the vessels of all six animals, but not in every vessel on each section, and were more prominent in the arterioles than in the venules or capillaries.
A less striking finding, but one noted in most every vessel on each section of all six animals, was the appearance of surface-type blebs (figures 7 and 8). These blebs can be very similar to the fingerlike protrusions into the lumen found in the controls except that the distal end was always more dilated than the proximal portion. This dilation of the distal end varied greatly from a small dilation containing only cytoplasm (figure 7) to a large dilation with vacuolization (figure 8).
The least common finding was the appearance of dilated endoplasmic reticulum in the endothelium ( figure 9 ). This was found in only three ! of the six animals and in only a few of the capillaries from these three. Thickened basal j lamina and collagen changes were not demonstrable in any vessels from any animal. Strict attention to gender was not taken during this study. However, on review of the data it was noted that in the last litter of both the smoke-exposed and control groups, gender was assigned and one male and one female pup were taken for study in each of the litters. Both the female and male pups of the smoke-exposed group had surface and vacuole type blebs and neither had dilated endoplasmic reticulum.
Discussion
Sub-endothelial blebs have been found in the aortas of adult rats exposed to cigarette smoke and in adult rabbit aortas exposed to carbon monoxide [8, 11] . Similar blebs have been described as present in umbilical veins in humans whose mothers smoked [3] . These have been thought to be secondary to edema or to macrophage degeneration [3, 8, 11] . The vacuole-type endothelial blebs described in this paper appear very similar to the sub-endothelial blebs except that they are located within the endothelial cytoplasm. The location of the blebs within and not below the cytoplasm may be the difference in the response of fetal tissue versus adult tissue, or it may represent an earlier stage of the same process. It could be expected that fetal tissue may respond differently than adult tissue because the fetal tissue is undergoing a differentiation process while it is being exposed to the toxic substances, and the blood levels of the toxic substances in the fetus may be very different from those in the mother [13] . However, the vesicles found in our study are so similar to previously described blebs that the possibility of their representing a different time period of the same process is very plausible.
Focal areas of "ruffled" endothelium, areas with numerous cytoplasmic projections, have been found in the aortic arches of rabbits exposed to nicotine [7] . Actual blebbing, where the neck of the projection is much smaller than the distal portion, has been found in the placental and umbilical vessels of human fetuses whose mothers smoked during pregnancy [1, 2, 4, 5] . The surface-type blebbing found in this study varied greatly in appearance and was, in the one extreme, similar to that found in the ruffled area and, in the other extreme, similar to that found in the placental and umbilical vessels. The variability of the surface blebbing may represent different time periods of the same process. The blebs that have vacuoles may be the end stage as these were the type seen in human studies during which fetuses were exposed to the toxin 270 days. The club shaped blebs may be the earlier stage as these are similar to the cytoplasmic projections found in adult rat aortas in studies exposing rats to nicotine for about half of that time. Another explanation for the variability is that the mouse fetal endothelium is responding to the nicotine with excessive numbers of cytoplasmic projections, and the swelling of the distal portion is caused by other toxic products of smoking such v as carbon monoxide [6] .
Dilated endoplasmic reticulum has been found in umbilical arteries of human fetuses whose mothers smoked during pregnancy [1, 4] . Because this finding has only been noted in fetuses and not in adults, dilated endoplasmic reticulum of the endothelium may be a response to smoking that is limited to fetal tissue. This may be due to the difference in blood levels, metabolic processes, or maturity of the cells.
The smaller mean weight of the smoke-exposed pups is to be expected as this finding is consistently present in human studies of smoking in pregnancy [10] . Since the feed consumption, the amount of handling, and the housing conditions of the smoke-exposed group and the controls were the same, it is very difficult to attribute the weight differences to these factors.
Therefore, the vascular changes seen in the fetuses of smoke exposed mothers may possibly be related to the weight difference. One can theorize that the vascular changes may affect the transendothelial transfer of nutrients and metabolites, thus interfering with maximal fetal growth [12] .
Sex-related differences in the fetal development of other tissues have been reported [14] . In this study gender assignment was not given in all the subjects, therefore, some of the changes seen may be due to developmental differences in the sexes. However, the finding of both types of blebs in both the female and the male smokeexposed pups suggests that these changes are not sex-related. Since the dilated endoplasmic reticulum was seen in smoke-exposed animals where gender was not assigned, the effect of sex-related developmental differences causing the changes rather than the smoke exposure is up to question.
In all previous smoking-related fetal studies, the vessels (placental and umbilical) that were examined for pathologic changes were those that were initially exposed to the noxious stimuli [1] [2] [3] [4] [5] . In this study, similar pathologic ultrastructural changes were found in fetal vessels far removed from the point of noxious transfer. This tends to support the concept that smoking during pregnancy not only affects the fetus in utero and perinatally but may initiate processes that make it more susceptible to diseases in later life [2, 4] .
Summary
Ultrastructural changes have been found in umbilical cigarettes per day. Similarly caged mice of the same strain were used as controls. The female mice were not removed from their cage from pre-conception time until after delivery. Upon delivery each pup was sacrificed via neck fracture and the entire pup was immersed in a solution of 2.5% gluteraldehyde in 0.1 M cacodylate buffer at pH 7.3. While still under solution, the rear leg muscles were dissected free, sliced, and immersed in the same preservative for four to five hours. They were then placed in fresh 2.5% gluteraldehyde mixture overnight. The tissues were post-fixed in osmium ferrocyanide and en-block stained with uranyl acetate in a graded series blood vessels, placental blood vessels, and peripheral blood vessels of human fetuses whose mothers smoked during pregnancy. This study was undertaken to determine if similar changes could be found in peripheral blood vessels of mice fetuses whose mothers were exposed to cigarette smoke during pregnancy. Breeding mice of the C57BL/KsJ strain were placed in a smoking box similar to that described by YOUNOSZAI [12] and exposed to cigarette smoke intermittently. This produces carbon monoxide levels in the adult mice similar to that found in human adults smoking one pack of of alcohol. The tissues were infiltrated with and embedded in Spurr. Sections were taken via an ultramicrotome and post-stained with uranyl acetate and lead citrate. The sections were examined in a Philips 201 electron microscope at 60 KV.
In the peripheral vessels of the fetuses from smokeexposed mothers, endothelial blebbing (both surfacetype and vacuole-type) was seen. In addition, dilated rough endoplasmic reticulum was found in these vessels. These findings were not demonstrable in the control fetuses. Surface-type blebs, dilated RER, thickened basal lamina, and collagen changes have been found in the umbilical blood vessels of human fetuses whose mothers smoked during pregnancy. Vacuole-type endothelial blebs have been seen in the aortas of adult rats exposed to cigarette smoke. Carbon monoxide exposure alone has produced similar vacuole-type endothelial blebs in the rat aorta. In all of the previous fetal studies the vascular changes were seen in vessels (umbilical and placental vessels) that initially received the blood that was exposed to noxious effects of cigarette smoking. This is the first known report of finding changes in vessels far removed from the point of noxious transfer in fetuses and tends to support the concept that smoking during pregnancy not only affects the fetus in utero and perinatally but may initiate processes that make it more susceptible to diseases in later life.
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Zusammenfassung Einfluß maternaler Zigarettenrauchexposition auf die Ultrastruktur fetaler, peripherer Blutgefäße bei der Maus
Bei Feten, deren Mütter in der Schwangerschaft rauchten, wurden ultrastrukturelle Veränderungen an den Umbilikalgefaßen, den plazentaren Gefäßen sowie den peripheren Blutgefäßen gefunden. On a trouve des modifications ultrastructurales au niveau des vaisseaux sanguins ombilicaux et des vaisseaux peripheriques chez des foetus humains dont les meres fumaient pendant la grossesse. Cette etude a ete entreprise afin de determiner si pouvait trouver des modifications similaires au niveau des vaisseaux peripheriques de foetus de souris dont les meres avaient ete exposees a la fumee de cigarette pendant la gestation. Des souris gestantes de la lignee C57BL/KsJ ont ete placees dans une boite «ä fumee» similaire ä celle decrite par YOUNOSZAI* [12] et ont ete exposees par intermittence a la fumee de cigarette. Ce procede entraine des taux de monoxide de carbone chez les souris adultes similaires a ceux que trouve chez les adultes humains qui vfument un paquet de cigarettes par jour. Des souris de la meme lignee, mises en cage de la meme fagon ont servi de contröles. On n'a pas sorti les femelles de leur cage depuis le moment avant la conception jusqu'apres 1'accouchement. Dans les vaisseaux peripheriques des foetus, provenant de meres exposees a la fumee, on voit des bulles endotheliales (de deux types: de surface et vacuolaire). En outre, on trouve dans ces vaisseaux une dilatation du reticulum endoplasmique rugueux. Ces elements n'ont pas ete retrouves chez les foetus contröles. On a trouve dans les vaisseaux ombilicaux de foetus humains dont les meres avaient fume pendant la grossesse, des bulles de surface, un RER dilate, un epaississement de la lame basale, et des modifications du collagene. On a observe des bulles endotheliales de type vacuolaire au niveau de Paorte de rats adultes exposes a la fumee de cigarette. L'exposition au monoxyde de carbone seul entraine des bulles endotheliales similaires de type vacuolaire au niveau de 1'aorte de rat. Dans toutes les etudes foetales anterieures, les modifications vasculäires ont ete observees au niveau des vaisseaux (vaisseaux ombilicaux et placentaires) qui re^oivent en premier le sang qui a ete expose aux effets nocifs de la fumee de cigarettes. Ce rapport est le premier connu a avoir trouve des modifications au niveau de , vaisseaux tres eloignes du point transfer nocif chez les foetus et ce rapport tend ä appuyer le concept que le tabagisme au cours de la grossesse n'affecte pas seulement le foetus in utero et en periode perinatale mais qu'il peut initier des processus qui pourront le rendre plus sujet a certaines maladies au cours de sa vie ulterieure.
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